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Abstract: PROBLEM TO BE SOLVED: To provide a light oxidation treatment 
technique for suppressing the oxidation of a high-melting point metal film for 
constituting one portion of a gate electrode and the diffusion of boron in a p-type 
polycrystalline silicon film for constituting the other portion of the gate electrode in a 
CMOSLSI that adopts a polymetallic gate structure and dual gate structure. 

SOLUTION: The heat treatment for improving the profile of a gate insulation film 
below the end part of a gate electrode, that is removed by etching by supplying a mixed 
gas containing hydrogen gas and steam which is synthesized from oxygen gas and the 
hydrogen gas using a catalyst onto the main surface of a semiconductor wafer 1 A, is 
made under low thermal load conditions where a high-melting point metal film for 
constituting one section of the gate electrode is essentially not oxidized, and boron in a 
p-type polycrystalline silicon film for constituting the other portion of the gate electrode 
is subjected to oxidization under low temperature load conditions where there is no 
diffusion into a substrate through the gate oxide film. 
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[4$fFfi!#cog$H] 

(a) **l&$^<D±(£<r>i'}) aySECMJlvfc 

ysnfctMtfiv'y a^itJMttsii. (b) *mb 

> y* x v <t I" 5 ffiBMK&AKfrflgjft-t- 5 X 

S. (c) atrE#*S f il'>y a^JKfciVStrSBSiB^JR 

K^-xymriiact, y-hm®&^/* 

•fSXm. (d) MEXa (c) <D'& S 7km#X&3lU 

sc^me y =» >mm*s x uwir&&& •> 

[W#* 2 ] m*5 1 K«<0^^aS8S^Sroffll 
j&frSrCfco-C. WE'<yTJitt, ift^^T>8 

5t^&-efcor. wExa (d) ammtiamtt. sue 

[M*45] KTOxaSrdtfwtSrWftfci-S** 

(a) ^HItti:?^Ntf>£ffi£>->y =. 
SMb^y affllfcStry- M6*«±l-, ***** K— 

•rzm.iz&m&i'V a^its:«ifti-5xa. (b) me 

Bi*4«BISr«J«i-5Xa, (c) KnE^ttft^y-av 

ot, y— hsfiisr^-rsxa, (d) wiExa 

(c) co& % ^tf^fciTJ^^^tra^tf^ia 

xa. 

6 ] It** 5 ffi*<D¥4gfl3fc«BKggW£{ 

®§i t wwu=iwe/< y ri sr^-ft s*s r t zmm t -r 

[if*rS7] i*#«6E#©^Sr#*«lE]J&geB*>8i 
5t^ffi-efco-C, fltlExa (d) roSKtSKfc&Sli, tuE 
i3!i£&JRJR*3 .fctfll&E^ y rSfc3&{f«Hc:B5{fc;L/.ev 
^TT-tT pit Sr»»i:i--5^flE«aiHlKiSewSa 



(a) *m&9^<D±ft<o*>y =i^$tm\zi&f&zMz 
y $ a -> y a >bs& t f s * i 

»*t5l8. (b) ffiK£i9MUKJ:lc. HSfSfcli 

'<yrji*:*LT*»j<*fc*«*»j«-r5xa, < c ) 

tSlitioT, y-h«««r»fi8i-4Xa, (d) 

suExa (c) <d&. *.m#xte£vmm#xb7kmif 

y ax^sisivstiE^Bi^y 3 vgisriRBMtiaa-r 
sxa. 

j&frife-cfco-c. WExa (d) ©«awis*aa»±, *mb 

[ft**Ilo] SkTox&fr&ttZb&nmb-lr&T' 

=.nv>f- v cmo s *m-rz>*m&Mm\£i&mm<om: 

(a) ^flt*^W±ffi«73->y aVSElC^JEfcSJlfc 
ftfiSS/ y =■ ^«S:*tf y- MttMLbfc. * ***5 K— 
T'Snfc^S^!) =y!SrMt5IS, (b) UWE 

#^s->y =^k±i:. ^t^>-y^x^*^tj>^y 

Sr»*t5l8, (c) iWIE#tt*->y =»vK. KrlE^< 

y rite iotmriEMiu^MBiSr^^-s^yi-s ^ t 
l:iot, y- h«ffiSrJi?fi£i-5xa, (d) itltElg 
(c) oft. ***^*iJ:V*JR*«r*tfa'&^#H 
^T-e. fWriey- Nm^<oS9s^»^-r-5a^wifiE-> 

y =V^E*3j;t;SfFE#-^ B B B v-y 3V«Sr, ffirlBnM^K 
^RKSr HKWic^ l ft v > J: 5 ^iHMtaai - 5 x 

a. 

[hmh] eAT^xa^^tp^tsr^mt-rsy 
a. r/wy- h cmo s zmi-z*m#mm®i&mm<r>m 
mxm ; 

( a ) M*9x^mtiro-> y 3 ^ffiKj&ssnfc 
■wi:->y 3^K*^tfy-nMw*±i:. **sh*«k- 

^51x6^*5/9 avitSrttSIl, (b) MIS 

r s tf- u r ^ ^ y ^ y x ^ t -r z> mtt^mm 

«r»*t5IS, (c) H tlE#^ B B BV'y WE^< 

y io ; B tiEii!ia^JS«*-'-«^-->'yi-?> c t 
iziot, y-h«asr»fiEi-*xa, (d) MExa 

(c) ">y =V*Jj;U!#SS->y a^f^UTife 

fl:tt*iJ:t«15EttSr*-fsa'S-^^#H«T-C. ME^ 

a. 

[RJ*^ 1 2 ] WT^xa^^tPw t sr^mti-^y 
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x.Ttvff- v cmo s &m-rz>*m&mm\s}&mmn®i 

( a ) =*>$tmzmi&£ixtL 
/SJimfr^!) =>ISrMt5Ig, (b) ME 

ft. (c) ME#&sV>y 3^|g:fc£<JMEis5?ii.6&M 
g^-^y^tsrtiriot^ y-h®££^f£ 
f5Ig- (d) MEXg (c) (Dm, -yv^^nxxi 

=lT>v?- V CMO S &W-t-5^#*«Ei§Siewgi 

^siifc^nr*^!; 3vtt*«*i-*ia> (b) me 

t»jJtt5Il. (c) ttC#SI'/!l ME'< 

ICfcoT, y-Hffi*Mt5lS. (d) DtEIS 
(c) <7?m, J: tf*fS**£tr«£#*#B 

fc. MEy- h«*ro*«»fc»j©i--5»»«?iWrlB->!> a 
^*BB*5 J: WH(HE*«A-> y 3 ^)»«:JIMWk*ai-5 w 
tJ^to-C, MEXg (c) <D/^-->-i/(7?^^^-y 
^^jStlfcltfJiEy- hmSroffiSBT^BlJfE^t^y 3 

*.TiV>f- V CMO S **-T5*3K*:J(iaEI5a««>« 

(a) ^fti'i^il©^!' 3>-sffi»r^snfc 
mt'y9 3 v^Sr^try- MftlWBLhfc. ***** K— 

^snfc*fe*->y a^SiMtsis, (b) me 

&7IM1-5XS, (c) SfHE#^aB->y 3^® N ME'< 

iaot, y-h««sr»«i-sxe. (d) mriaxe 

(c) rot, **#*fc£t^*#*.!:7kilf#*<!:;^<b 
X\ «riE*Bj«4**«:*St«»KIMtU*v^J:5K. W 

* j:u ! H tifE^fB-> y 3 ismzm&itmm-rz z. t \z z 

ot, WSEIS (c) cD/N'^-^v-^w^trji-y^^^ 
£;h,£:MEy- Ktt*£<£>a8S8T<£>ME&M;-> y 3 vj&fc 



( a ) ^mw^^<o±m<D'>v = >%m\zmj&zt\-k. 

^^^fc^alv-y 3ylt»*t511. (b) ME 

a, ( c ) nt#ttA y 3 <t tmRXfik ^ ^ a 

Rt/<^-iymr tJwioT, y— >««Sr»J* 
t-5iS. (d) MEXS (c) roi. *ig#J**5,J:T* 

«r£trS£-#*#H*lT"C. MEy- h«tt0>«MH;:» 

fc;-f-5fi5^<7?ME->y 3v^s*3it/tfiE#*s H i->y => 
^«Sr»BWk»ai- 5 xa„ 

l 6 ] ¥«#*8tls]I8 ^^cogr l <D3=mv> 

•> y 3 vatffic»j«itixfcBMt'> y 3 >«t«r*tf y- k 
ie«it±fc. ***** K-y^^fc^s-^y 3^« 

Lras$nfcii5i»^J!8BSfc«tj«sn5y- hm® 
->y 3^*Bii»j«snfc«nMt«*^tfy- mmw* 

*?*;6S K-y$nfc#-3gA->y 3^fflSt % ME 
^alv-y avl81l:E8fJfcl±/<!i r®Sr^-L-ca@ 

n^y » r^y- h cmo s **i-4**flc*«isB» 
a-cfeoT, «nay-nftWK«o5*», MEy-hm® 
<DMtaTizMi&&ftizififcmstikm<nmw-\*, MEy- 

1 8 ] ¥*fttMX[s]B !?aL^»* 1 <7?±S<D 

•>y =^mm\zi&i8.£ixitmki' ] j 3 vjKSr^tpy- b 
ifeaaK±^. * K-y $ixfc#3g a s B -> 

«!M$n.fcfa7^y- h CMO S Z1ftZ>¥m#M 
[if 1 9 ] ?^0>» 1 ^*ffi<75 

•>y => >^ffit;^^nfcSs-(k-> y =vM^^try- h 

UT«»*ixfcK»jft4Kl«i:-C**Slx4y- 
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tN&1& £ tefa T)^f— V CMO S Sr*1-5¥*tt* 

tfcot, atrial- MfttuRi*. iir/ya^iitt 

[0 00 1] 

Lfctf? JI>* /Mfcagfl>MO S F E T (Metal Oxide Semic 
onductor Field Effect Transistor) Sr^Ti^^SMMl 

[0 0 0 2] 

[t£*<7}&ffi] *MH"B 5 9- 1 3 2 1 3 6 ^«l±. S 

^#H*+-e5>f HWfcftffiw tKiot, w (m 
o) £*4LfcS i ©*«ra»lftK»ft:i- 

4S*tK*/*»»BEJt*W (Mo) is i i-e»45 
tt«Sr*JfflLfcfc<o-c. Z<Dft&it*. W (Mo) lizK 

^»5cSn5* s , S i l4BMK*nfc**-e»4 xotem 

[000 3] 7-9 4 7 1 6 S i 

±tzy- hSMUK&^L-CT i Ntt£oaHbA*«i:W 

4 if i: Sr^tf # 9 > ^Mfcig^y- h«««r* 

5 r * s i ^*S:aiRW^iMk-e# 4 1 7K 

[0 0 04] 1 9 9 2* 12fllB*5«J;t;20i:ff^ 

p i 2 8 — p i 3 3\z\t, yu^ttfficJ:^^ 

[0 0 0 5] 

[*W#»ifeL,fc3 t-TSWH] h«^0. 18m 
raOT^M^MO S F E TT-[H]&£Tffij&-r5 CMO S 



[0 0 0 6] it** 

Kaiu, v^^a^y ^^/K-fe^o ^y^^ 

:H"CtS. MAAiitTB, 8 0 0tglTOi 
^^Iz-v'ayBtt^il^W (*^*XV) „ Mo 

fc9i"5fcA. HIK<B#9 > 9*>>f— Mi, ***^9 

3Vjg<bii5iB^JR^i:<oK^T i N {3-9^+4 

4 K) WN (* V^^W^f h^>f K) ttifoAJR 

[0 0 0 7] tfc*<E>y- hiDX^nir^^SEBS^, &<7> 
tt)K«t>o^|sa«**(B:«-e# 5 <t v * 3 14^ fe , 

[ooo8] /<>fos;x-!/^*aii 

^53? 5-152282 *^«4 if) o 
[0 0 0 91 W:, _biB<7)<t 54?*y HMkiSfe-C*J* 

[0 0 10] ilS^^^o, h^-z^v^^rtT? dr. >f— 
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[0 0 11] t^ZtK ^LfcW^MoTi^^S^S 

* o «r IS Jh-t" * » » * *W i * * . 
[0 0 12] ±Eo£?Jc, #y *#yHBS*>y- h« 

£ft5o 

[00 13] L**U 

[0014] y *B7ktf>»fe& 

T% (1) 5^1=EJt^aE»La<, SS<7}#mifc2rffia& 
<*»1-*r (2) *jK«&&<0M«) 

ttH* s »% — \-&%Umtm<. ppm ^--y<o*l!K«» 

[0015] J: 5 t^BBS/**^** St 

^«*r«WIBJt?«Mt«^j«ftU-CL*5o ba>U y 
— hS^o. 18MmJ^T^»MOSFETIt * 
^<ott«»tt*«#1-5fcfct-y— hfllKbHK: 3 . 5nm 

[00 16] £b\Z. y— >«*S0. 
a/j!MO S F E T t0S^t^ CMO S LS I 
(4. iS«BE»f^ffc^J:4b#v^ffl[«E (Vth) O^SbS: 
nff^^SM I S FETOy— h 

pft^/UMI S F ETW^- htaSri*t5#fe 

y-h(Dual Gate) »^<D«/B#WW;ift 5 t bft 

5« *<D1Z*> % tf— K«««rWiBLfc#y 7<^yu-C'«fiS: 



y a >*o±^*jBA&««#«* snfc«3S t * 9 . 

-C**B £ K-yLfcpM^£ H V>y 

[0 0 17] ti^s, pl^«*-efc5B 

ffltfcCMOS(;±E^7>f h&te&3£igfflLfc:»-£ 
ictt, pf + ^/ulM I SFET^y— SB* 
Mt5pI#Si^^y^OB * s JBSi¥ 
3. 5nmWT^ffift"C*l^— hK^ffltSraoT^ffiftS 
KffiftU pft^SMISFET^UV^tttE 
(Vth) Sr*»S*TU*5 tv^BgH^tio 
[0 0 18] twfcft, *yuy- hflligt^T 

A"?— h*ittSr«ffltSCMOSL S I tr^Ttf, 

# £a^£m:£-r s c cb ^ssftss t ft So 
[ooi9] #*69ja>Bwra:. #y tt/i'ff-bmmt 

[0020] *&m<Dffiutebmz*:<Di&<n&&)tmm. 

[0 0 2 1 ] 

(tg^ftto^«^sr(H*irift0^-rn(f, 

[0 0 2 2] *^PJ(D^ig^mWlHlK^e^ffi{at^ffi 
f£, IWEttWr/V-^^^ ttMO S F ET©y- 

>y$nfcMEy- hmm^nT<D^^- bt&mm 
^sf4. ffi&nm&&mmfim'gffiizmfc$in<-r* ^ 

[0 0 2 3] ±EU^3BM£il^*H*W^>«»*(Bl* 
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ants' » avittr^tpy- HMMI±fc, ***** K— 
ysnmi^D avilriMtSIi (*«ic:*5v» 

i£^tfb©£i-5o i"4t>t». *^OK-7 , ©iill 

(b) *TE*tt*->y =^Bt±fc, it**fctt/<!)rJi 

j&i-5xa, (c) OTIB^JSAv'y =vBli8J:trt(HBS5 
Bjk&JRBSSv** — -y^t5r tKioT. y— MS 

t*»*t4ii. (d> tfjExa (c) ©a, 

@©ffi|flHrfti£i-5g(S#©i!fjE->y 3>*a5feJ:trttlffi 
A l'ite*«flS*HB't-5 XS. 

10 0 2 4] 2. SfrtEUctev^-c, iwa^yrjitt, s 
fc* ^y*y ^ite*trW<MMIS***»lBt# 

[00 2 5] 3. t&SE2tw*3V>-C. nlJEXa ( d ) ©S& 
Ifeftjaan. tlrEiBBa^iHsJiUWE^yTJISrll 

[0 0 2 6] 4. MfE 1 Kfc^T. SfJaE-y- MfeJSBi 

[0 0 2 7] 5 . WT»IS**tr**tt*Se]!&S« 

7-siifc|g B v> D 3 yi^ffMtsii^ (b) stria 

BjS4fe**S:»J«-*-4Xa. (c) ttE#&A v- U a > 

ot, y-htit»i*t5ia, (d) bUiexs 

(c) **#**5j:tf**«$r£tf«'&#*#ffl 

3 >^b*3 <t tfUfrE^tes -> y a 5 

IS, 

[0 0 2 8] 6. flfJESKSJI^T, StlfE#^ a e B v-y =>> 
« £ ttJES6B£&JRIIS! t »IBI=WIV< D7I $ * 

[0 0 2 9] 7. JWE6»=*St^-C, iftEXa (d) ©2ft 

[0 0 3 0] 8. WT©XS^^tf#^*mStHl8§^S 
0>Sli6*S: ; 



(a) iJMIM*:'?^ N©±E©->y 3>-*®i;jgfi8;Snfc 
tMk*> y = ^*«r*tf y- M6«K-B=» * K— 

Mt5i§, (b) gfttZtti WtMLhK. fcttifctt 
'< y 71 UT«»M*««r»]*t5ia.- (c) 
l»E* l J:WWE*»*ft«Dt*^#— 
tSitCiot, y- Mt«*r»*i"*XS. (d) 
StlExa (c) ©m. **#*&±U&5!t#*i:**# 

[00 3 1] 9. 8dE8H*5^-C. flUEXa (d) ©$, 

ft=TT-*r 9 ^*<$«S[llS^g©$a5t^ffi 0 
[0 0 3 2] 10. JEAT©xa&£tf y^T^y— hC 

MO S *W«*aE!SSS««)«Jt** ; 

(a) ^{^^^©^©v-y 3>-«ffit^fi£$4xfc 

ge{b->y =>>-]g£$try- Hft(ttt±^. *?*a s K— 
ysnfc#«*->!) ayKt»*t5ifi. (b) she 

^ a V>5^W:, ^ffc^vy^-rvlBS^if^y 
7f^U^y^f v t -t-5 SiB£&JRIB& 

srMt5i§> (c) meMA'/y =^fflt. we^ 
y 7iti ± imESiB.s&JSiiisr'- 5 * -=. x y-r 5 r t 
trior, y- h^ffisr^-rsxa. (d) MExa 

(c) ©a. zk*#*fc£tf*fSg*&£tf)g^#*#B 

itt\ HirEy- hmn©«ia5(-pFftc;i- ; 5a5^©tfiEv' 

y a^tEfcit^SflE^Hl^y =^IK«r. HtFEiSBjS 

a. 

[0 0 3 3] 11. UT<OTM^ts 1 fa.Tf^¥— hC 

(a) ^^^'^©^©v-y =V^SI^ff^^Hfc 
SMb-> y = >BSr*tf y~ MftWDLbfc. * K- 

ysn^jgaVvy 3y*t»*t5is. (b) sue 

TSSr^LT^vy^^V'Sr^^ti-SflSB^*^ 

^Mtsm (c) sfFE^BB^y 3^bi. we^ 

!)7ifci U^Eii5B.6#J!§il£<'- ; * -=-vmri 

ciot. y-h«ttfc»j*i-*xe. (d) stiExa 
(c) ©a. •>!) ayfeiy^l-vu =vi:*tttg 
{bt£fc±tfii7L*£&#^5&^#*#H^T-T?. hUEH 
BiiIA***IWWt=B<l:L'4V^J:5t=. tWE^y 3 V 

a» 

[0034] 12. «T©xas:^tf y ^ T/wy— hC 
MOS«r*-r-5^»«ai3K3£a©$ll^i£ ; 
(a) ¥^tfc$'.3i^<z>£ffi©i-'y 3 v^ffilc?&fiS;$*vyS: 

iMk-> y 3 xn**try- hif6^K-h{;. k- 
y$^fc#s B B B ->y 3>«t:»rtt5ia. (b) me 
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1-330468 



ft, (c) itrK^ifeftv'y =^l8*3<fctfWf£i«iii.£&JS 
=ymwtl;J:oT, hS*S£7£j& 

tan. (d) auExa (c) (©a, ->y=>>-ioj;^ 

[0 0 3 5] 13. ^TWXeSr^tpf'aT^y— hC 
MO S Sr*i-5**(ttfcar®lSS6«<o«jS** ; 

y§nfc^gfr>y = >KSrWt5m (t>) M1B 
TM tt 9 yif *x vSrij*^ t -t-3 SSiK^JRtt 

«r»jft-r-sxe. (c) Mt&&&&isy saia^< 

y TJi*s ±tfWIEKBjiSA«il«r^#-=vyi-* r t 
CioT, y-h«BSr*fi8i-5Xa» (d) MEXg 

( c ) (d'&. ikmx*&£xJ t *M%.*'&tsm&jJx%m 

tirioT, fiUEXfl (c) <zv<#— -v^BRI^y 
^y^fcffjEy- h*S<73*§KTco*fjiES?{k;->y = 
vj«^««i--5xm 0 

[0 0 3 6] 14. WTWXa«r^tPX3-T/wy— hC 

mo s &#-t-&*m#mmiBiVLmmnM&tTm 

y&Mz&mAi'l) syHSrMtSIi. (b) hUIE 

T € £ tf- U X 9 y <f * T > *■ 3=je£# £ 5 ffiB£&Ml 
«r»)«t5Ii. (c) SfIfS#*g B B B->y soffit. tUIE^ 

trior, y- ussrMtsig, (d) atrfExs 

(c) Of, ii&1S*i&&xm!&1!*tifite1J* bfrb 

•e. tmssB,^JSK^*tt«)ir^iib^vN±9i-, flu 
isy- hffiffiojggis^^-rsiaj^airffi^y =>^mw 

ot, MIExm (c) o/<^-=yi'«:iyfv!' 
SttfcMlEy- h««0>*WT<BJlMEBfl:5' y =■ vg«r 
Mai" 3 IB. 

[0 0 3 7] 15. £JlT«)XaSr*tp*iIH«»«lHltt3fi 
grog!it*fe ; 

(a) Mft^^'^iirovy 3>$scM^n-fc 
Bfls^y =>>«*£tfy-M6B«±fc» *?*A 5 K- 
^"Sixfc*tt*'>y 3^»i:»*tS3S. (b) SUE 



^y^^^Sr^^t-rSiBlt^JR^^i-^X 

a, ( c ) ffiE#ts a ->y => ± trffiteft b&& a 

t5lS. (d) tftiaxe (c) tf>SL TkiHtf^fciU 1 
£i-5S5#<oi|triEv'y = v^S:fc.fctftfiE#i&£A->y 3 

>«*ri!«sft«Hai-5xa. 

[0 0 3 8] 16. 

t. WE^BAfy 3^gt±(riI»*fcW[/<!J 71^ 
ftl&tfi.ZML'f =-T h CMO S 

BuiBSB-efco-c, mm^-bmmmtt. aUiEy-h 

[0 0 3 9] 17. ^ffc^MEB^^W^lW^E 

o->y a >*B»r»*snfc*awk««r«tfy-- h«B 

E#S£A->y a 4 fcli^ !> 7g S:^ u t a 

S^fcxaT/wy— hCMOSSrWi-S^ffiftaiElK 

ssa-efco-c. twrEy-HB«K«>9^» nUisy-h® 

ttroBfflTfcBtfSfifciWEBBffcBroBBrt;. BE-** 
- h«Bw**£m-^fi!i$nfc#&E?&Bfl:B<rcKJ¥<fc 

[0 0 4 0] 18. ¥iS#m«m&?3^<amiOT£ffi 

w^y 3v»ffifc»j*sftfcBffc->y a^Bt^tfy- 
BE^BA-^y =>-)K±»c«Se*ftfi^y risrir 

ri^sSc^ixfcy^TA-y— h CMO S trftS^M 
«EIS»[t-C*>oT, iEy-Uffiroffi^TCMJ 
ftfcBEBfcS'y a^Btt. m***Srteiti-iS«»- 

[00 4 1] 19. ^MWi'^rolimii 

h?6^ffi±tr. K-^*Jxfc*»*^y 

fiflE#*SSv-y ^yKltSatfcl^y TMSr^ 
LTtt«3ftfc*»;S&«*fc-C*«SftSy- h«M 
^^$*l7hx*a.ryuy- h CMO S Sr*-f-5%*(^* 

^tHiKfig-efeo-c. itiey- httisro-ifB^if^-rs 

[0 0 4 2] 2 0. fflEl 9^C*3V^T. fftsZV— h*fe^ 
[0 0 4 3] 2 1. ^jgflsS^O^ffi^^b^y- h 
Affile SriSSSfctt'^ y 7ISr^ Ltil b"C**W« 
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«S:»J*Lfc«. IWWWIfc^*— =>^UTMOS 
!I*aftttKIM:i-5£J:ti:J:oT. l»IE/-<*-=^^ 

10 0 4 4] 2 2. SfII5 2 1 I'Jo^T, fltJEi^IS.S&Jg 

m&fxfxT^fribft v . wss^ y rjmaft* ^y 

[0 0.4 5] 23. fltIfB2 llw*3V^T. fltfisy— httffi 
W**SBT<75W3E^- h^kK<OffltJ5»i» 3. 5nmWT 

10 0 4 6] 2 4. ftfJBE2 1 fc*5V>T, MIB^— h«H 
©y-Mli, 0. 1 8 Mm«TT-fc5¥«{Mfi«[HlSg 

[0 0 4 7] 2 5. tfjE2 2lr:f3^T, |flfE^*aSO?g. 
ait, 6 5 0-9 0 0 , C-efc5¥«#m«mSSSSB^S£ 

[0 0 4 8] 2 6. striE2 2ic:*3v^T, flfrEJfMaswffi. 
at*. 7 5o~9o o°cx-tbz*mft$kmisi&mm<vm 

[0 0 4 9] 2 7. S1JIE2 2»r*JV>T, tdfEllfttoSWia 

ft. 

[0 0 5 0] 2 8. fltJlE2 6ir*5V^T, #JE*l-£-#* «P 

[0 05 1] 29. tfJE2 7lw*5V*-C\ WEig^tf** 

[0 0 5 2] 3 0. l|fjE2 2»C*5^T, MfES-g-^^^ 

[0 0 5 3] 3 1. S1JIE2 2(Cjb'V>T, flfrlE^^^W 
SEtllt. 7 0 0 — 8 0 OTorrO&E-C-fc-5¥jg#**8tH] 

[0 0 5 4] 3 2. fflE2 2tC*3^-C, gljfE^^^O 
JE2M4, 8 0 OTorr«Ji<OBgffi-CfcS*9*fl3g«0SS£ 

[0 0 5 5] 3 3. KTOXSSr^tf^flcmaiHBSi 
B^SSit^S: ; 



fi, (b) Saffi^3fflrS«<Ojglffi«©S(rlE#igS'>!J 

<f s •> y a vtt«r»fia+ sia. ( c ) rose P s&b a •> 

>J a^lfrfc J: tfiffiEn -vy = ^Blo-tft-eh-tf) 

lt*lM*«t»«t5I8. (d) ?ftEp§«#S£ 

s •> y =» v«j8 j: tfitUE n -> y = t *n ?> 
5iti:±ot. *fjiE^frs«wstriE» i mmztati 

■5 pft^lMOS FET©^ 1 h®££0J& 
U IWE^*^WlWEJIS2«*fclfoEnS£iSA5' 

(e) **^iaJ:V»*^^i:**^i:*»e>*fe«»w 

»SJxfclWE**fr**o±ffi^tt*©ie*fc^ 
L, ifflE£l y- h«&*5J:U : H UE!&2y- h«*<Z>-t 

fttt*iiorilfilE*il»**ttlcta:«U*v^*#T-Cil(nE 
^fls3£«w^S*^«?»^t:-f-5c tl:iot. tfr 

«®*3j;o:flfjf5m2y- f»WS0>-tii«r«>««BT©iW 

IS, 

[0 0 5 6] 3 4. tflI23 3(-tJl>-C, 8&EB5ik.£-&JR 

^ t- > b * -5 ¥W#*«lH]ig£jfitf>§Sig;*ife, 
[0 0 5 7] 3 5. fltrlE3 3i'iol^r, HUESSiy— h 

lWEy- HWt«roBWH:, 3. Snm»T-C*>**8K*t 
[0 0 5 8] 3 6. StjE3 3IC*5V^T, iESiy-h 

14, 0. 1 8 MmEIT-Cfca^ttafcEBSSBwaaS 
[0 0 5 9] 

[0 0 6 0] $?>ic, uT<onfe<r>i&i&xi-t, 
w^g^SfcSi: til. Ig&wfe? v-3 >i3tl4H*£«0^ 
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[oo6i] uT(omM<nmm^^x, m& 
&mtzx<Djevt. &wmm*£KmRi-z>t%\±. mz 
vtzm&te t wmmmzw % Mz^t 5 -c*v * t % z. 

[0 0 6 2] *K-T?^*flcj||«iaKSfilI4:V^fc 
^^9T'^v^t0^^^i^^m : &?r^#. TFT»A*if 
I 0 0 6 3 ] *|Bft0>«flM4, nft^lMISFE 

cmos ls i <nmmjjmzmmisith<D-?]hz>o z. 

tf)CMOS LS I «:«3frr5»wtt, S1\ ill^t 
£51-, Jt«tt^l 0 0cmg«<£>3M£iBr>y s^&fc 
5##flc»«l Sr8 5 0lca«tifiitTto±Ii: 

■Iff 1 0nmS*^*V^«Mt->y 3^*2 (/<y»ft 

jk) «:«j*u ftv^-er^iwb^y 3^K2o±fciiiff 

1 2 0nm5gS^>^t:v/^ 3^1*3 &CVD (Chemical Va 
por Deposition) »re*fl«Lfc«* 7* h^^ hJgi£ 

>y=3^jffi2ii, a©xB-e»-?»i»)iort»Ka«)a 
»bs/y 3^*3H:iMbsnfc<vH*K 
[0 0 6 4] #ck. h2ksi-j:5k:* m^v^^m 

1 3 5 0nm@«^«4 a *r»J«Lfc«. 

±IE3iy^^^-C«4 a wrtIl:4Cfc^^-yiSr* 

1 £ 1 0 0 OtgftMI 
UT«4 a ^rtSirjgff 1 0nmSfl[<D»V^t;^y ^ 

« 5 

[00 6 5] El 3 9 1 ± 

ldgiff3 8 Onnfi*<0SMfc'>y ^« 6 £ C V Dgt« 



y7r^f mffift) i-So ^r^m. 3^813 Sr 

* h 7^ e l:ffl^fdt:fK)i<Sffi (Chemical Mechanical 
Polishing; CMP) ft-C»<b>!l3>§6 4fBL-C 

f4awrt»i:8t:il:J;!), «B*¥*ftSjftfc* 

^gi«4*?FMi-5o ft*>\ *«U:*3l*T*^ (S 
14, »iWBtt»cJ:5CMP^|«bi', B5E«6tt«:filv*fc 

mmcow-teitts x jx & <^ * m **tp t ^ 1 1- 
[0066] Rtw, ?»y ^m&m\<^it$x.*y y^*,^ 

3SrS**LfcflL 141:^91:, ***SSlOn 
f t^UMI SFETSr»*t5««iwB 

^iMISFET*Mt5««l:P (!>>0 ^r^^>- 

[00 6 7] t^i, JblEpM^3i/U7^n^^^^S 
MISFETOltV^ItE (Vth) ^HM-r^fc^O 
B Sr^T ^VjT^iZ^U nl?x;U8t:pf 

t^/UMI SFETOL#V^fiSI|EE (Vth) «rPS-T 

[00 6 8] m 5 ^^-Tct 9 i-. pM^3iyU7io 

rcyU8W*ft-Pft«)«ffi*w|||ff 3. 5nmS*<^fflfj^*y 

[00 6 9] #^BU6ttSix*v^s, ±IE^— hIMbM 
v^liN 2 o (SIM:**) #H«*-e«ft«3Si-5wi:iw 

9^3. 5n«S«*tr»<4*fc, ***aHRl fcOfKl 

[0 0 7 0] Rl:, HI 6 t-^-f-J: 5 *^**1S l ± 
^^9 0-10 OnmSatoy >^K— ^tt*^!! 13 ^ 
KSrCVDftTitaUfc^, nft^HMISFET 

y^ygCP (y^) ^^^^fT^ii^LTnM#^ H B R 
•>!)^Rl0n?:MU pft^uSMISFET 
Sr^i"S«tt (nS!>x;l/8) (D/yK-Z^v' 

a B B v-y n^IKi o pSr^i-^o 
[0 0 7 HW:, H7i:StJ:5l:» nI^S'>D 

nyii o n^±tfpa#sea*>y ^rio p^n 

^0)±«BlCJB!ff 5nmSfl[<OWNttl 1 ir^ffS Onmg 
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coy- h^t:^9^Jbgc^nSi#^ a s 0 ^y ^>8io 

n, WNll l*5«ttrwBl 2^5)45nft*^lM 
ISFET(Oy-ht@15n«^, nl?^ 

p, WNll l*5j:tfW«l 2frbtZZp 3 ?**/i'MM 
ISFET^-MSl5p«Sn5o 

si 5 nisit/y— htii 5 p^wm^y- 

14, #J;U4 0. 1 8 /xm-CfcSo 
[0 0 7 2] ±IB^<t5^, nft^UMI SFET 

(W) t«*U*y>^iSi:nwii:J:9, -t 

hgst^2 o/na«iw*-e(s«-e#5o-e, c 

[0 0 7 3] ^<D&, bWB 1 5 n % 1 5 p £>*0I 

^Ty^^»Hl«rl&*-f-5o £ CO 9 a y h ^ vfy? 
§rfr?£, ID8lc^i-J: pic, y-Mii5n 

*0**-CI4^~ htil 5 n, 15p^ilE«Tt 

4*5, r<07»r hafc^wa^ov^rrt, j: 

5#R?9- 1 4 2 3 1 5^Ki¥ttfcE*a s fc5o 
[0 0 7 4] 19 (a) tt, 7>f h&tetoSKffil^tfc 

9 (b) f4, 119 (a) <OB~B' iHSoMit' 

[0 0 7 5] r (OtSc*a«ftjp 1 0 0 J4, MSSX* 

*trFttKtt****^l 1 0 2 

a. 10 2b^iSntV^ o 1 0 1 <DftU 

t;if4, :^t-^102a, 1 0 2 b7&>£><**&$*L5?S& 

5. *sj»y o 314, v^4s i c 3 



0 1 Ofiffi^fciit/SXttrT — * 1 0 5lwJ:oT3t»S 
Jxt^S, *SfJ»y V^l 0 3<DiSffl-f4, ^7^10 
4 lw»#£ftfc*»#* ^ 1 A<&i&ft«r«|j£i-5J»« 
Ml 0 6^K«SixTv^o *3K*^^^l AtoJDjR 
14, b-*102a, 1 0 2 bfclJ:S»lll&**G>tt. 09 
;tl4Hl 0l:/Tt«):?4ADy>7^l 0 7?rffiv^fc 
R T A (Rapid Thermal Annealing) Zfr5££:Sffi IT fc J: 

[0 0 7 6] ^W<1 0 1 C0||®<D— SBfctt, ^--r V 

/< i o i rt»c*««/***fr#* t'<-V#* t *m 
5*<7>^^4j*K«ds««Sn-Cw^s 0 tf^Atf 1 0 8 

I*. IWlil 1 0OHii?Ll 0 9SriiiflLT^-ir W< 

1 o l ft\zVg*$\zrr%BZ>a ft^ioiioiioffi 
<75— fflJ-fi. o i rtlc^A^nfci-hEtf**: 

»ai-5fc»a)#«i»i i i ^-s«jnti^, 

[00 7 7]Blltt, ±IE«C**«Mfcff 1000ft 
^4fi8:»«*^i-«i»0, Ui2f4, 

(Witfffip°p« ^/N^r^ (Hastelloy) j 
t LT^P bilZ) N i-^AftiD T'«^$nfcSi^5ll 4 
lSr«;t-C*3 9, ^r^rt^^fiP t (7"7^) s Ni 

b— * 1 4 3 t^SlRSStVTV^o 
[0 0 7 8] _hERJ&Bl 4 1 Ctt, ***5±tfl»*a> 
fe*£7 F n-tr;*#;*i. 2**>5VM4A r (T/U-^V) 

4 4 a, 144 b, 1 4 4 c rt^E! 5 1 4 5 £ril C*Ci 
ASH*±5iw*o-CV^S« ^^atS«144 

a, 144b, 144ci:Sf 14 5^)ffll:ft, #*<D 
mZWBir — =^ h n — -7 14 6a, 146 

b, I46c<h, ^'(OSKKSrBBH-t-SBBBB^/^l 4 
7a, 14 7b, 14 7ci:^t^ R/S* 1 4 1 

[0 0 7 9] ±|BSJ6»1 4 1 rttC^A^nfc^n-fe^ 
(***5J:W»*) tt, 3 5 0-4 5 0^8^0 
UShfea^f/H 4 2lwS!^ur®bieSix, tK*^^^ 
b 14**7 (H 2 -2H*) , K*^^ 

^bJ4K*7^^/MSi^8:i-s (o 2 -20*) 0 
6 2a<07^*/w4fk*w^««e>-cfgtt-e*>*fc*ir, 

ig^JCSlCLT**:*^* (2H* +0* -H 

2 o) o ^r-c, * (**«) ^rti-**/^it (* 

m:®t%=2 : 1) «t «9 t>i@^J^*^4r^A,f£rDir^ 
^*RJ6»l 4 lrttcigA-rsriKJ:*?, ***/ 



(11) 



#Bfl¥l 1 -3 3 0 4 6 8 



SMB#**Aff 1 0 8 SriioT«t3i3ftK^ lOOOf 

ftw<10 1l:*Altt±v\ Sfc* M&tfx<Df£ 
*»4. *+Torr*»b»«ffiW|fiH-effi»^K3eUTfcJ: 

[0080] ±i£co i 5 4««#5w>:tf 1 4 

05tt:*«ri«fll*^MW-e*4O-C, l 0 IK* 

l 4 ite^B-fe^3y^«rWAi-*i:*WP^*3ft s *J<t**t 

t*/M»jw«i*.e>n*(7?-e, * y— :^4***t/**a 

[0081] 4*5, sj&s i4i ft<omt&&mi*. tk^ 
*j i x$mm Mt -e # s t o -e *> ix « «r» u fc a 

[0 0 8 2] HI 314, 7kJHE*/**aftXf^fc«ofc 
ttftJtTEK^^sMHIKWEJt (Ph2o/Ph2) ^^Ste 
#ttS:^i"^9 7-e*>5 % ifOii (a) - (e) 
14, ^ft^ixW, Mo, T a , Si, T i 

[0 0 8 3] H«0>J:3lw, tfcHStiMfc^l OQWff 

**#EEJt*l!Mft (a) irttiS (d) fcfcj**nfcfl« 

<Dmmft\zwfeirz> rti^<t^ ha® (i 5n, 

I5p) 0-ai^M«Wll 2ioJ;t;/<!J7iT*fc 
5WN«1 l*«Mki-*w4:4Ulw % Si 
l*5j:tf#l»*5/!> a^BIl On, 10p)co^£iitR 

(W, Mo, T a , T i ) , Si COV fc TKISft/* 

^a^^^ t f^7K^s«^^< 4SJwonx»<k3sa 

»4**<4* 0 i-4to*>. *^+<07k 
wile J: 0, ± 9 «WIBo«MM|-e 
S i S:iRftl:»ftt5li*-e#5 0 
[00 8 4] BttM* hS© ( 1 5 n, 1 5 p) (7) 

Jl5iHjftft*tt»tMo«^«rtbfc*&J-J4, 
**#EJt«:«!* (b) (d) fcfc*Sftfc«* 

fc, ( 1 5 n, 1 5 p) SBSrT a ffl|-C« 



j&LfcS^lcte, 7k*ft/**4>BEtt:«:ft» (c) tft 
« (d) fcirj»**tfc««o*Brtt3R*-»-*^iKJ: 
9, T a Ifciflst 5 r i ft Li: S i cp»tlM!)l:R 

[0 0 8 5] — ^, i^oj: zka£«/7k*a-&# 
^#I^tt*T i 14 S i <t «9 felWti**as*#^fci<> 
ir, y- (1 5 n, 15p) Z^nftZT i 

*&twl4. Si (**(«i*l33J:t5*teJli^y =VK 
lOn, lOp) 0**»&WfcftffcLJ:3fcLTfcT 
i K^T i NBI^lRl^w^kSnT L£ 9 fcfclr, y- 

[0 0 8 6] H 1 4 14, ±l&MK«/**Bft3tf * Srtt 

•fttt* ^k^4rti J ^UTt>^i?t4iS*DL4^ 0 

[0 0 8 7] H3 1 5*5^^111 1 6(4, zkSKft/zk 

S»aft^o*»»flE«r 1 0%, i5%ilfcl*i:J8 

V^T, -SORMtaW* (2, 3, 4, 5nm) &&Z<D\Z 

£* 4 MUlX t IWk«P W © H« *r«1" ^ 7 7 -c *> 
4^o 

[0 0 8 8] -?J, H 1 7 14, BKV3. 5nm<Dmt^ l J 
JT*>5i*^-*^*— 5keV, K-X14 X 1 0 l5 /cm 2 <D 
Ifi&gLfci #<OfflJft VFB (Vthititf^ME) ^<^H 

1- ^ r t (cfia it vfb fe«i#fcja*i-5 r t as#a> 
a. 

[00 8 9] eJL±<Drt^b. y-h«« (1 5n, 1 

5 P ) (D-U&m&irZVfmi 2**J:t*/<y TftftS 
WNKllSrSfttS^^ftU^ Si 
*3iV*tt*v^y On, 1 0 p) £>^£aitRft 

^^kL, ^oy-HS (15p) <DtiL<D-n*mJ& 

npS^ H v>^^eiop^B ^y 

J£»b4v^<t 5 4ffil»AW*#T-ey- h^kK9 Srffi 
*• S*i-4fc«>^7>f h»ik*QfaSrff5Jci4, ^Wff 
^ji^I AOjnffljHaASriWk^y =>yIo D WiTl 
4V^TPfifi*T*fc5 6 5 OlC^fe***^^^ 1 A<D$z 
Sm^^bS<45 9 OOtOBIrt, »^L<f4 
7 5 0-9 0 Ot^irtl^t^ J:«9»^L<I4B 
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tfc3 0%S*£il±*-R*i-*-i:^»*U<. 
4L<(i*»»*©iWn?fc5 5 0%gg (I13# 
RR) ^R«i-«. 
[00 90] miUldlAfefUP 1 0 0 Sr«ofc9 

[00 9 1 ] *i\ m&MMMPl OOOftWM 0 

fiU!E^-h«ffil 5 n, 1 5p<DlDI^]|*t?ofc 
^ajfle^j^xl ASriJ-ir:/* 1 0 4©±l:a-KtS 0 
-tOflL ftw<l0 1«!iU §l**#'<-5**f;* 

1 0 4te, A^ag^|-Jp^$ 
*X5«fc 9, *M s C6t- * 1 0 2 a , 10 2btM 
LT*5< («tli8 5 0tffiB . 
[0 0 9 2] V/M 0 1 rtirzK^^^ALT 

[0 0 9 3] 1*1 1 4 0OKiS»l 4 

(*»»«tt«ili5 0%8» Srf^/qoiCi 
Alt*«ft^^ l AW*aB«rj3ff*^*IB«»tiWfc;i" 

<*o^y-hK^J«9^lfSKkS4x. EI 19 (a) ^ 
^i-J: 5lw, Tlsff—*y h Sftfcy- hmft ( 1 5 
n, 1 5 p) <75ftl2«{?S(D^o7r>f/^5efe»Sn5o 

na (b) jrjt^uT^i-j: 5 k, 

ft (15n, 1 5 p) (OWeWSBIi, ^y^l/^fclJlS 

[0 0 9 4] ±ISOy-f hK^Srfi«PBB«5 h 
«ffiffiffi^:*-7ir* MOSFETOl^ 

vmmbe (vth) #Rtt«a»brftfc9-r5o ^ 
- hmmi 5 P pS^ B v> y =*>-J8£ 

lOp+CQB (nl^8) 

Kit* us < ftstv^feHi^ 

-MS (15n, 1 5 p) <DMT.m£*) t>M<t£Zt 
[00 9 5]»i:, y-WO. 1 8 /jmfflttOttfl 



T?ttO. l/zra WfiS-CttO. 2/im) Ift^kSiX^S* 

[0 0 9 6] ft^lOl 

(ft*) Sr»AUT7K*ft/7K*jB-&^^S:»aiUT^ 

AtWb%i*9x/N i aStIM*:/* 10 4H7y 

[0 0 9 7] J^T. ±ffi7^ hlMfcXg«Sa>CMO S 

IC, p!?x/i,7i:nIT-ttft, #J;ctfP (y^) Sr-Y 
^■VjT^^^LTy- hl@l 5nWp?«<Opi!>x/U 
7l:n-itSHW«16t*«U ni^8l:p 

m*vm* CTx.tfB *>r *WT*>5&*L-c<y 

- 1 5 p^iii«©nl!?x;U8i:p-I*»*« 

«cl7eMU:S, 1 ±iw|«* 1 OOnmfi 

&0>*te*s9 =^Jgll 8?rCVDSt*itSt5 0 

[0 0 9 8] H 2 1 ^S-fJ: pS!?x/W 

llnl^Hfift, ittfAs (t») SM^WTfeii^L 
tnf t^SM I SFET(7)n + S^iSWi2 1 

(y-*, KW^) SrJfcjjfcU nffifr^A'Btepi!* 

^HMISFETOp + I^S8t2 2 (y — X % 

Kwfv) 0 wr*-e<DXStw±«9, x^r 

/^-FtigOnft^lMI SFETQn^iU'p 
ft^SMI SFETQp^tS, 
[0 0 9 9] HI 2 2 5 K> 1 

±lwCVDSre*fl:->!> 3 yg2 2 4r*f£«U fb¥tt« 

i^2 0 (y-*, Kwy) :fc£t/p + I^*f£W£ 
21 (y— kk>) o±noiftfi:^y =yR2 2 

1 9lC»i"5»^^y 3^«2 2Wxyfy^l/- 

(y-^, K^y) fcJ:t;p t S^®*2i (y 
8*l»*4n«^J:5^i-*. 

[0 10 0] n + S^*SiS2 0 (y-^, K 

U^f» ^<tI5p + M^ft:®^2 1 (y-^, KW 

>-) <D*ti?ti<D±n<z>mti' y=>yei8^y-hg? 
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¥rffl¥-l 1 -3 3 0 4 6 8 



(y— * N Ku--f>) <d±.U\^^>^^ V-fc— a-2 3£ 
Ttmv. p 2 1 (y-*, KWy) w 

yi4, 1 «>mn««r«'>i:i-*fc»i!>»=. 
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IS, 

(d) tOiExa (c) co&, *i!?#;*i3.fc{J«7kS5l&£ 
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